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There are few published studies of larval fish assemblages from unregulated, tidal 
freshwater rivers.  Patterns in the spatial and temporal distribution of larval fishes in the 
Mattaponi River were examined.  Sampling took place on a weekly basis from February 
through August, 2006 and 2007.  Larval fishes were categorized by taxa, reproductive 
guild, and residency guild.  Group comparisons using multi-response permutation 
procedures (MRPP) indicated significant spatial and temporal differences in assemblage 
composition on multiple scales.  Differences in assemblage composition were analyzed 
 vii 
 
using non-metric multidimensional scaling (NMS).  Interannual differences were 
attributable to anadromous and semi-migratory species.  Seasonal differences were 
attributable to herrings, perches, and minnows.  Both interannual and seasonal differences 
in assemblage composition may have been a result of changes in discharge.  Spatial (i.e. 
longitudinal) variation of the larval fish assemblage differed by tidal regime.  NMS and 
MRPP identified a distinct tidal freshwater larval fish assemblage.  Tidal freshwater 
habitats may act as ecotones between marine and riverine ecosystems.  
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Introduction 
 
 
The larval stage of development represents a crucial point in the life history of fish.  
For most fishes, larval mortality is very high and is, therefore, the principal determinant of 
year class strength (Cushing 1990; Houde 2001).  Because larval fish often have different 
distributions and habitat requirements than adult fish (Schlosser 1985; Scheidegger and 
Bain 1995), larval fish research is imperative to the complete understanding of the biology 
and ecology of fishes.   Over the past 60 years, research on larval fish has evolved from 
morphological studies to using larval fish assemblages to detect and evaluate ecosystem 
change (Lasker 1987; Holland-Bartels et al. 1995; Neira and Sporcic 2002).  Larval fish 
surveys have been used in marine systems to generate fishery- independent stock 
assessments (Moser and Smith 1993) and can be especially important to the management 
of economically important fish species (Chesapeake Bay Program 1990; Houde 2001).  In 
addition, larval fish surveys are now commonplace in ecological impact assessment of 
lake, riverine, and estuarine habitats proposed for development, including water 
withdrawal (Gerlach and Kahnle 1981; Malcolm Pirnie et al. 2007; Bednarski et al. 2008).  
An important goal of larval fish research is to understand patterns of spatial and 
temporal distribution (Lasker 1987).  Early studies of larval fish distribution typically 
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focused on single, economically important species (Sette 1943; Ahlstrom 1954).  More 
recent studies have described multi-species assemblages (Grioche et al. 1999; Doyle et al. 
2002; Beldade et al. 2006), as trends in fisheries shifted from target species to complex 
systems (Miller 2002; Pikitch et al. 2004).  Research on the spatial and temporal 
distribution of larval fish assemblages can provide information on community structure 
and population dynamics (White and Harvey 2003), recruitment (Houde 1987), species 
interactions (Miller 2002), spawning (Uphoff 1993), essential habitat requirements 
(Bilkovic et al. 2002), and larval transport (Marancik et al. 2005; Martin and Paller 2008).    
Most research on the distribution of larval fishes has been conducted in marine 
(Loeb 1979; Moser et al. 1987, Laprise and Pepin 1995; Marancik et al. 2005; Júnior and 
Rubín 2006) or estuarine ecosystems (Rakocinski et al. 1996; Lazzari 2001; Ramos et al. 
2006).  Research on the spatial and temporal distribution of larval fishes in freshwater, and 
especially riverine, ecosystems is a relatively recent development (Floyd et al. 1984).  
Published studies of larval fish assemblages in North American lotic, freshwater 
ecosystems have focused mainly on highly regulated rivers of the Mississippi River 
drainage (Simon 1986; Turner et al. 1994; Peterson and VanderKooy 1995; Raborn et al. 
2001) as well as regulated coastal rivers (Gadomski and Barfoot 1998; Marchetti and 
Moyle 2000; D’Amours et al. 2001; Martin and Paller 2008).   
Effects of regulation of natural flow regimes can include reductions of larval fish 
essential habitat (Scheidegger and Bain 1995) as well as disruption of reproductive cues 
(Humphries and Lake 2000).  Patterns of composition and distribution of larval fish 
assemblages in regulated rivers differ from unregulated rivers (Peterson and VanderKooy 
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1995; Scheidegger and Bain 1995; Humphries et al. 2002).   Development of rivers for 
industry, energy production, navigation, water supply, and flood control has left very few 
unregulated large rivers (Benke 1990).  There are few published descriptions of freshwater 
larval fish assemblages from unregulated river ecosystems (Weisberg and Burton 1993; 
White and Harvey 2003).   
Tidal freshwater ecosystems are a unique component of coastal landscapes (Odum 
et al. 1987; Schuchardt et al. 1993) often having taxonomically distinct fish (Schuchardt et 
al. 1993; Viverette 2004), macroinvertebrate (Yozzo and Smith 1998), and phytoplankton 
communities (Marshall and Burchardt 2004). Tidal freshwater ecosystems are important 
for the exchange of energy and nutrients between riverine and marine ecosystems (Polis 
and Hurd 1996; Garman and Macko 1998).  Tidal freshwater ecosystems have high 
primary productivity (Sin et al. 1999) and are transitional regions for phytoplankton 
composition and abundance (Marshall and Burchardt 2004).  Tidal freshwater ecosystems 
represent zones of enhanced recruitment success for larval fish (North and Houde 2001) 
and are important essential nursery habitats providing larval fishes with an abundance of 
predator refugia and foraging habitat (Rozas and Odum 1987; Yazzo and Smith 1998, 
Wagner and Austin 1999, Kraus and Secor 2005).  
The Chesapeake Bay is the largest estuary in the United States and one of the most 
productive estuaries in the World (Cooper 1995).  It is an essential spawning, nursery, and 
migration habitat for many economically important fishes (Murdy et al. 1997).  Tidal 
freshwater habitats account for approximately 25% (400 km2) of the Chesapeake Bay and 
its tributaries (EPA 2003).  Tidal freshwater habitats remain relatively understudied (Odum 
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1988; Wagner and Austin 1999; Strayer and Smith 2000) with few published descriptions 
of larval fish assemblages from large, tidal freshwater rivers (Marcy 1976; Weisberg and 
Burton 1993).  There are no published descriptions of larval fish assemblages from large, 
unregulated, tidal freshwater tributaries of the Chesapeake Bay drainage.     
As concepts from landscape ecology have been applied to riverine ecosystems 
(Weins 2002) there have been a number of descriptions of riverine ecotones (Ward and 
Weins 2001; Atrill and Rundle 2002).  Riverine ecotones are dynamic and unstable 
habitats (Atrill and Rundle 2002) consisting of characteristics from adjacent ecosystems, 
which are capable of supporting higher biological diversity than adjacent landscapes (Ward 
and Weins 2001).  Tidal freshwater ecosystems are important transition zones between 
riverine and estuarine habitats (Polis and Hurd 1996; Garman and Macko 1998, Marshall 
and Burchardt 2004) and have higher species diversity than adjacent ecosystems (Peterson 
and Ross 1991; Viverette 2004). Research in tidal freshwater ecosystems represents a 
unique opportunity to apply principles of landscape ecology to large coastal rivers.   
The primary objective of this study was to describe the structure of the larval fish 
assemblage in a large, unregulated, tidal freshwater river on the mid-Atlantic slope.  The 
second objective was to determine if there were interannual or seasonal differences in 
assemblage composition.  Specifically, testing the hypothesis that composition of larval 
fish assemblages varied seasonally in a manner which was consistent between years.  A 
third objective was to determine if there were longitudinal differences in assemblage 
composition, consistent with the hypothesis of a unique or characteristic tidal freshwater 
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fish assemblage.  The results of these analyses were used to determine if tidal freshwater 
ecosystems can be classified as ecotones.  
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Methods 
 
 
 The Mattaponi River, in the Coastal Plain physiographic province of Virginia, is a 
low gradient, forth order river with extensive meanders and forested wetlands.  It is 
approximately 70 km long and drains a watershed of approximately 1605 km2 (Brooks 
1983).  Tidal influence begins slightly upriver of Aylett, Virginia (river km 61).  The 
Mattaponi is formed by the Matta, Po, and Ni Rivers in Caroline County, Virginia and 
joins the Pamunkey River at West Point to form the York River, which is a major 
Chesapeake Bay tributary.  The Mattaponi River is unregulated, does not receive major 
municipal or industrial discharges, and has no major channel modification; land use in the 
watershed is primarily forest (68%) and agriculture (21%) (Bilkovic et al. 2002).  As a 
consequence the Mattaponi River is one of the most pristine tributaries of the Chesapeake 
Bay (Sprague et al. 2000). 
The study site was located on the upper portion of the Mattaponi River between 
Beulahville (river km 87) and Aylett (river km 61) in King William County, Virginia.  This 
portion of the river was divided into three equal length reaches each consisting of nine 
segments (Figure 1).  The upper two reaches (2 and 3) are non-tidal, while the lower reach 
(3) is tidal.  The tidal range is 1.0-1.2m (NOAA 1997).  All three reaches are freshwater (< 
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0.5ppt).  The mean maximum depth of the study site was < 3 m.  Mean discharge of the 
Mattaponi River at Beulaville is 15 m3 /s. 
Sampling occurred on a weekly basis from the last week of February to the first 
week of August in 2006 and 2007.  Nine ichthyoplankton samples, three from each reach, 
were collected weekly.  A random number (1-3) was generated for each trip to determine a 
sampling sequence.   For example, if segment 1 was randomly determined to start the 
sampling sequence then segments 1, 4, and 7 were sampled from each reach.        
Ichthyoplankton was sampled using 0.5-m bongo nets with 505-μm mesh (Figure 
2).  Nets were fished as stationary sets in mid-channel, close to the bottom for 
approximately 15 minutes (Martin and Paller 2008).  Sampling took place during daylight 
hours.  A comparison between larval fish samples collected during the day and night from 
the lower Mattaponi River in 2006 and 2007, showed no statistical difference (Malcolm 
Pirnie et al. 2007).    Sampling in the tidal reach was conducted during ebb and flood tides.  
A General Oceanics model 2030 flowmeter was used to estimate the water volume 
sampled.  Samples were sieved and preserved in 70% isopropyl alcohol stained with Rose 
Bengal.  Daily mean discharge and water temperature data were collected from a USGS 
stream gauge (#01674500) located at Beulaville.  
Fish larvae were separated from detritus under a dissecting scope (Nikon SMZ800).  
Fish were considered to be larval from the moment of hatching to the development of the 
full complement of adult fin rays and absorption of the finfold (Auer 1982).  Fish 
specimens were identified to the lowest practical taxa (Gale and Mohr 1978; Weisburg and 
Burton 1993; Scheidegger and Bain 1995; Martin and Paller 2008) using taxonomic keys 
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(Mansueti and Hardy 1967; Lippson and Moran 1974; Auer 1982) and counted.  Samples 
were archived in 70% isopropyl alcohol in labeled bottles and housed in the Virginia 
Commonwealth University fish collection for future reference.    
 Relative abundance of each taxa was calculated as a percentage of annual catch and 
used to describe interannual differences in larval fish assemblage composition.  Larval fish 
density was represented as number of fish per 100 m3 water sampled.  Density was 
transformed (log10) following Martin and Paller (2008) for group comparisons and 
ordinations. 
Three matrices were constructed to analyze the larval fish assemblage; 1) a 
taxonomic matrix based on identification of specimens, 2) a reproductive guild matrix 
based on classifications by Balon (1975, 1981), and 3) a residency matrix based on known 
habitats in the Chesapeake Bay drainage (Jenkins and Burkhead 1994; Murdy et al. 1997). 
The taxa matrix consisted of 20 taxa and 180 samples.  The reproductive guild matrix 
consisted of four reproductive guilds and 164 samples.  Taxa were placed into one of four 
reproductive guilds; lithophils, pelagophils, phytophils, and nesters (Table 1; Balon 1975; 
Balon 1981).  This matrix did not include Cyprinidae due to their wide range of 
reproductive strategies and the taxonomic resolution.  The residency matrix consisted of a 
freshwater, a semi-migratory, and an anadromous guild and 179 samples.   Residency 
guilds (Table 1) were based on Jenkins and Burkhead (1994).  The inland silverside 
(Menidia beryllina), an estuarine taxon, was excluded from analyses due to its single 
occurrence in samples.   
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A multi-response permutation procedure (MRPP) was used to test the hypothesis of 
no difference (α = 0.05) in assemblage composition between a priori defined groups.  
MRPP is a non-parametric procedure for testing the hypothesis of no difference between 
two or more groups.  The important statistics are the test statistic (T), the chance-corrected 
within-group agreement (A) and the p-value, which represents the likelihood that an 
observed difference is due to chance.  The test statistic T describes the separation between 
groups.  A more negative T indicates stronger separation.  The A statistic describes within-
group homogeneity compared to random expectation.  When all items in a group are 
identical A = 1.  If heterogeneity within groups equals expectation by chance, then A = 0.  
In community ecology, values for A are frequently below 0.1 (McCune et al. 2002). Each 
matrix was subject to a MRPP to test for difference between years.  The results of this test 
determined if the matrix would be analyzed separately by years.  Each matrix was then 
subject to three additional MRPP tests with the grouping variables being month, reaches, 
and tidal regime.  
The patterns in assemblage composition for year, reach, month, and tidal regime 
were examined using non-metric multidimensional scaling analysis (NMS).  Initial runs 
were performed using a random start configuration, a step-down from six to one 
dimensions, a stability criterion of 0.0000001, 500 iterations, and 200 runs with the real 
data set, and 249 runs of randomized data.  Pearson’s product moment correlations of 
larval fish density on the significant axes were calculated to determine which factors 
contributed (r > |0.500|) to differences in assemblage composition.  
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  Euclidean distance was used to calculate distance matrices for both NMS and 
MRPP.   NMS and MRPP analyses were conducted using PC-ORDTM, version 5.31 
(McCune and Mefford 2006).  This study was conducted as part of a larger preoperational 
fisheries survey related to a proposed reservoir water intake to be located on the Mattaponi 
River (Malcolm Pirnie et al. 2007).  
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Results 
 
 
 A total of 820 fish larvae were collected from 486 samples during 54 sampling 
events over two years (Table 2 and Figure 3).  Twenty-nine species of fish were 
represented (Table 1), including five anadromous, two semi-migratory, one estuarine, and 
21 freshwater resident species.  Taxa with the highest relative abundance were yellow 
perch (Perca flavescens), tessellated darter (Etheostoma olmstedi), hickory shad (Alosa 
mediocris), alewife (A. pseudoharengus), and minnows (Cyprinidae), respectively.  
Perches (Percidae), herrings (Clupeidae), and minnows accounted for 35%, 35%, and 14% 
of the larvae collected over the course of the two year study, respectively.  In terms of 
reproductive guild composition, lithophils accounted for 41%, nesters 24%, pelagophils 
21%, and phytophils 14% of the larvae.  Anadromous and semi-migratory species 
accounted for 53%, resident species 46%, and estuarine species < 1% of the entire 
collection.  
   Five species of herrings, four Alosa spp. and one Dorosoma sp., were collected, 
representing 35% of the entire collection.  Two of the anadromous alosines, alewife and 
hickory shad, comprised 25% of the total collection.  Gizzard shad (Dorosoma 
cepedianum) was the only fresh water resident member of the family collected.  Three 
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species of Percidae: yellow perch, tessellated darter, and glassy darter (E. vitreum), 
accounted for 35% of the total collection. 
Minnows accounted for 14% of the total collection.  At least six species of 
minnows were collected; common carp (Cyprinus carpio), golden shiner (Notemigonus 
crysoleucas), satinfin shiner (Cyprinella analostana), spottail shiner (Notropis hudsonius), 
eastern silvery minnow (Hybognathus regius), and creek chub (Semotilus atromaculatus).   
Ten percent of the collection was comprised of Centrarchidae, including black 
crappie (Pomoxis nigromaculatus), largemouth bass (Micropterus salmoides), bluegill 
(Lepomis macrochirus), redbreast sunfish (L. auritus), and pumpkinseed (L. gibbosus).  
The majority of these individuals (n=60) were only identified to genus (Lepomis), and 
additional species were possible.  The family Moronidae was represented by two species, 
white perch (Morone americana) and striped bass (M. saxatilis), which together; accounted 
for 3% of the collection.   
At least two species of suckers (Catostomidae) were collected, creek chubsucker 
(Erimyzon oblongus) and white sucker (Catostomus commersonii), representing 1% of the 
collection.  A single species of Atherinidae, inland silverside, made up 1% of the 
collection.  Five taxa including least brook lamprey (Lampetra aepyptera), chain pickerel 
(Esox niger), catfish (Ictaluridae), pirate perch (Aphredoderus sayanus), and banded 
killifish (Fundulus diaphanus) each made up < 1% of the collection.  
In 2006, 265 fish larvae were collected (Table 2 and Figure 3). Taxa with the 
highest relative abundance in 2006 were minnows, tessellated darters, yellow perch, 
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gizzard shad, hickory shad and alewife.  Yellow perch and minnows had higher relative 
abundance and density in 2006 than in 2007.  
In 2007, 555 fish larvae were collected (Table 2 and Figure 3).  Taxa with the 
highest relative abundance in 2007 were glassy darters, hickory shad, alewife, sunfishes, 
and tessellated darters.  Relative abundance and density of anadromous species was higher 
in 2007 than in 2006. 
NMS ordinations of the larval fish assemblage produced stable solutions (Figures 
4-8) with relatively low stress (Table 3), indicating that the ordinations were valid for 
comparison.  The coefficients of determination of the correlation between the distances in 
original and ordination space for all NMS ordinations were greater than 90% (Table 4).   
Although not readily apparent in the NMS ordination graph (Figure 4a), taxonomic 
composition of the larval fish assemblage differed significantly between years (T = -
13.079, A = 0.022, p < 0.001).  Interannual differences in composition were due to alewife, 
hickory shad, yellow perch, minnows, and sunfish, which were the larval taxa with 
strongest correlations to the combined years NMS axes (Table 5).   
In 2006 taxonomic composition was significantly different among months (T = -
6.348, A = 0.052, p < 0.001), between tidal regimes (T = -2.438, A = 0.009, p < 0.05), but 
not among reaches (p > 0.05).  NMS of samples based on taxonomic composition showed 
more variability in early months and less in later months (Figure 5a) as well as higher 
variability in samples from tidal sites as compared to non-tidal sites (Figure 5b).  
Differences in assemblage composition were due to alewife and minnows as indicated by 
correlations of larval fish taxa to the 2006 NMS axes were (Table 5).    
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In 2007 MRPP of taxonomic composition indicated significant differences among 
months (T = -15.126, A =0.105, p < 0.001), reaches (T = -3.332, A =0.015, p < 0.05), and 
between tidal regimes (T = -5.110, A = 0.017, p < 0.001).  NMS of samples based on 
taxonomic composition showed separation between months (Figure 5c) and higher 
variability in tidal sites compared to non-tidal sites (Figure 5d).  The strongest correlations 
of larval fish taxa to the 2007 NMS axes were alewife, hickory shad, blueback herring, and 
minnows.     
Reproductive guild composition of the larval fish assemblage was significantly 
different between years (T = 5.382, A = 0.015, p < 0.05), with possible separation over the 
third NMS axis (Figure 4b).  Interannual differences were due to lithophils which were 
strongly correlated with axis 3 (Table 5).   
In 2006 reproductive guild composition differed significantly among months (T = -
4.382, A = 0.062, p < 0.001) but not among reaches (p > 0.05) or between tidal regimes (p 
> 0.05).  NMS of samples grouped by month showed higher variability along the first 
NMS axis in March and April than compared to later months (Figure 6a).  Tidal sites 
showed greater variability along the first NMS axis than non-tidal sites (Figure 6b). 
Lithophils and pelagophils were strongly correlated with the first NMS axis (Table 5).   
In 2007 reproductive guild composition differed significantly among months (T = -
15.568, A = 0.171, p < 0.001), reaches (T = -4.491, A = 0.033, p < 0.05), and between tidal 
regimes (T = -5.858, A = 0.030, p < 0.001).  NMS of samples grouped by month showed 
separation over the second NMS axis (Figure 7a), which was strongly correlated with 
nesters and lithophils (Table 5).  Samples in early months showed greater variability as 
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compared to later months.  Tidal sites based on reproductive guild composition showed 
greater variability than non-tidal sites in 2007 (Figure 7b).   
Residency composition of the larval fish assemblage differed significantly between 
years (T = 9.115, A = 0.027, p < 0.001). There was greater variation over the first NMS 
axis in 2007 than in 2006 (Figure 4c).  The first NMS axis represented 65% of the 
variation in the original data set (Table 4) and was strongly correlated with anadromous 
and semi-migratory fishes (Table 5).   
Residency composition of the 2006 larval fish assemblage showed significant 
differences among months (T = -7.530, A = 0.105, p < 0.001).  Samples grouped by tidal 
regime did not appear to differ (Figure 8b), though MRPP indicated significant difference 
(T = -2.100, A = 0.008, p < 0.05).  There was not a significant difference among reaches (p 
> 0.05).  NMS of samples based on residency composition showed greater variability in 
early compared to later months (Figure 8a).  The first NMS axis was strongly correlated 
with anadromous fishes while the second axis was strongly correlated with resident and 
semi-migratory fishes (Table 5).   
Residency composition of the 2007 larval fish assemblage showed significant 
differences among months (T = -13.800, A = 0.162, p < 0.001), reaches (T = -2.527, A = 
0.020, p < 0.05), and between tidal regimes (T = -3.840, A = 0.021, p < 0.05). NMS of 
samples based on residency composition showed separation of samples grouped by month 
as well as greater variability in early as compared to later months (Figure 8c).  Tidal sites 
appeared to have slightly more variability than non-tidal sites. (Figure 8d).   
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In 2006 mean daily discharge of the Mattaponi River at Beulahville, Virginia was 
lower than the 25 year average with a spike in discharge occurring in July (Figure 9).  In 
2007 mean daily discharge was higher than the 25 year average from February through 
May.  From May to August in 2007 discharge was lower than the 25 year average.  
Patterns in mean daily water temperature of the Mattaponi River at Beulahville, Virginia 
were consistent between 2006 and 2007(Figure 10), with a range of 0 – 30°C.   
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Discussion 
 
 
 This is the first published study to describe the larval fish assemblage of the 
tidal freshwater Mattaponi River and one of only a few published descriptions of a larval 
fish assemblage from a relatively natural (i.e., unregulated), tidal freshwater river 
(Weisberg and Burton 1993).  During both years the larval fish assemblage of the 
Mattaponi River was characterized by a high species richness of freshwater residents 
combined with a more variable anadromous and semi-migratory component.  The 
taxonomic, reproductive guild, and residency guild composition of the larval fish 
assemblage showed significant spatial and temporal variation.  Assemblage composition 
varied between years and among months and reaches but was generally dominated by 
perches, herrings, minnows, and sunfishes.  Taxonomic composition of the larval fish 
assemblage was similar to juvenile assemblages described from the tidal freshwater 
Mattaponi described by Wagner and Austin (1999).  Wagner and Austin (1999) analyzed 
data on juveniles collected from July through September using seines.  Although they used 
different methods, the results serve as a useful comparison of assemblage composition in a 
tidal freshwater habitat.  
The larval fish assemblage of the Mattaponi River reflected a combination of 
freshwater resident, semi-migratory, anadromous, and to a lesser extent, estuarine species.  
Species richness of the assemblage (n=29) was high compared to larval fish assemblages 
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from the tidal freshwater Delaware River (n=18; Weisburg and Burton 1993), Connecticut 
River (n=16; March 1976), and Patuxent River (n = 21; Campfield 2004).  Poor water 
quality in the Delaware River (Weisburg and Burton 1993) and altered flow regimes on the 
Connecticut River may account for the lower species richness compared to the Mattaponi 
River. Species richness of the larval fish assemblage was lower than that of the juvenile 
assemblage in the Mattaponi River.  Wagner and Austin (1999) identified 35 species of 
juvenile fishes from the tidal freshwater Mattaponi including 26 freshwater, 3 estuarine, 1 
marine, and 5 anadromous species.  Differences between the juvenile and larval fish 
assemblages may be due to differences in mobility between life stages or sampling 
locations.  Wagner and Austin (199) analyzed data collected 20 km downstream from 
Aylett, Virginia. 
In contrast to Weisburg and Burton (1993) and Campfield (2004) the larval fish 
assemblage of the Mattaponi River had a relatively small estuarine species component.  
Several species of estuarine fishes native to the Mattaponi River (Jenkins and Burkhead 
1994; Murdy et al. 1997) were not collected.  Atlantic menhaden (Brevoortia tyrannus), 
hogchocker (Trinectes maculatus), bay anchovy (Anchoa mitchilli), and spot (Leiostomus 
xanthurus) were collected from the tidal freshwater Delaware River (Weisberg and Burton 
1993) and bay anchovy, striped killifish (F. majalis), and hogchoker from the tidal 
freshwater Patuxent River (Campfield 2004).  Wagner and Austin (1999) described two 
distinct tidal freshwater assemblages in Chesapeake Bay tributaries, a lower tidal 
freshwater-oligohaline interface assemblage and a permanent upper tidal freshwater 
assemblage.  The estuarine species collected by Weisburg and Burton (1993) and 
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Campfield (2004) were characteristic of the lower tidal freshwater-oligohaline interface 
assemblage described by Wagner and Austin (1999).  Similarly, results from Viverette 
(2004) classified the tidal freshwater James River into lower tidal fresh/oligohaline, middle 
tidal fresh, and upper tidal fresh zones. It is possible that larval fish sampling conducted in 
the Mattaponi River encompassed the upper permanent tidal freshwater assemblage only.  
The tidal freshwater Mattaponi extended downstream approximately 14 - 20 km from the 
lowest location sampled during this study.  Bongo nets are routinely used to sample 
ichthyoplankton from the thalweg in large rivers (Martin and Paller 2008), however it is 
possible that some species are underrepresented by this method.  For example, species 
which exhibit guarding behavior (e.g. catfish) would be less vulnerable to this gear type.   
Several studies have examined adult and juvenile fishes along a tidal estuarine 
gradient and identified distinct tidal freshwater assemblages (Odum 1988; Peterson a nd 
Ross 1991; Wagner and Austin 1999).  Similarly, Campfield (2004) described a distinct 
‘riverine’ larval fish assemblage from the tidal freshwater Patuxent River while comparing 
assemblages along an estuarine gradient.  Viverette (2004) analyzed data collected form 
headwater reaches through the tidal freshwater reach of the James River, Virginia and 
identified a distinct adult fish assemblage from the tidal freshwater reach.  Schuchardt et al. 
(1993) and McIninch and Garman (1999) identified adult tidal freshwater fish assemblages 
which were distinct from both non-tidal freshwater and estuarine habitats.   This study 
corroborates these findings and identified a tidal freshwater larval fish assemblage that was 
distinct from non-tidal freshwater in taxonomic, reproductive guild, and residency guild 
composition.  Longitudinal variation was mainly due to tidal regime.  It is unlikely that 
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differences between non-tidal and tidal freshwater assemblages were simply a function of 
distance between samples.  Assemblage composition between non-tidal freshwater habitats 
did not differ and differences between tidal regimes were more significant than differences 
among reaches.   
Although distinct from the non-tidal freshwater reach, the larval fish assemblage of 
the Mattaponi River varied between years.  In 2007 temporal and spatial variability in 
taxonomic, reproductive guild, and residency guild composition was higher than in 2006.  
In 2007 the larval fish assemblage of the Mattaponi River was characterized by greater 
separation (T) and within-group homogeneity (A) among months, reaches, and between 
tidal regimes than in 2006.  Interannual differences in composition were driven by an 
anadromous and semi-migratory component.  There was an increase in the relative 
abundance and density of hickory shad, alewife, and sunfish in 2007.  Whereas in 2006 
there was a higher relative abundance of minnows and yellow perch.  Numerically 
dominant taxa also varied between years.  
Interannual differences in the larval fish assemblage of the Mattaponi River may be 
due to differences in river discharge.  Discharge was more variable in 2007 than in 2006.  
Early season flows were much higher, and late season flows were much lower in 2007 than 
in 2006 (Malcolm Pirnie et al. 2007).  Higher discharge in early 2007 corresponds with 
higher relative abundance and density of anadromous and semi-migratory species than 
during 2006.  In 2007 lower discharge, later in the season, corresponded with lower 
relative abundance and density of resident species than in 2006.   A reduction in river level 
can represent a reduction of spawning habitat such as SAV, woody debris, and access to 
 21 
 
the floodplain (Killgore and Baker 1996; Sommer et al. 2004).  In addition, discharge can 
affect food availability for larval fishes.  Sin et al. (1999) found phytoplankton growth in 
the tidal freshwater Mattaponi River to be limited by discharge.  Martin and Paller (2008) 
attributed interannual differences, in larval fish assemblage composition and abundance of 
the tidal freshwater Savannah River, directly to differences in discharge.  Specifically, 
citing increased access to spawning and nursery habitat such as floodplain pools, flooded 
bottomland habitat, and backwater habitat during years with higher discharge.  Gerlach and 
Kahnle (1981) also suggested that interannual differences in larval fish assemblage in the 
Schuykill River, Pennsylvania were due to habitat changes brought about by changes in 
discharge.  Campfield (2004) found more defined aggregation and assemblage structure to 
be related to higher discharge.  Similar patterns were identified in the larval fish 
assemblage of the Mattaponi River.  Spatial and temporal differences in the larval fish 
assemblage of the Mattaponi River in 2007 were more defined than differences identified 
in 2006. 
Schlosser (1985) and Grossman et al. (1998) determined that interannual variability 
of juvenile fish density, species richness, and assemblage composition varied with 
discharge.    This study supports hypotheses proposed by Schlosser (1985) and Grossman 
et al. (1998), that assemblages of early life history stages of fish are strongly influenced by 
stochastic factors, and further extends them from mid-western streams to large coastal 
rivers. 
Seasonal variation in composition of the larval fish assemblage of the Mattaponi 
River was more pronounced than spatial (longitudinal) variation. During both years, early 
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collections (March - May) had higher richness and were largely composed of semi-
migratory and anadromous species. Later larval fish assemblages (June and July) were 
numerically dominated by more resident freshwater species.  In 2006 seasonal differences 
were largely due to variability of the assemblage among months.  In 2007 there was 
separation of distinct assemblages among months.  Gerlach and Kahnle (1981) and 
Campfield (2004) implicated discharge as an explanation of seasonal variation in larval 
fish drift.   
Atrill and Rundle (2002) described ecotones as dynamic and unstable habitats.   As 
a result of fluctuating physico-chemical properties (DO, pH, temperature, and tides) that 
operate on multiple temporal scales (Peterson and Meador 1994; Marshall and Burchardt 
2004) tidal freshwaters are highly dynamic and unstable.  Ecotones consist of 
characteristics from adjacent ecosystems and are capable of supporting higher biological 
diversity than adjacent landscapes (Ward and Weins 2001).  Tidal freshwater habitats are 
transitional zones between riverine and estuarine ecosystems (Marshall and Burchardt 
2004) and are known to have high biological diversity relative to adjacent aquatic habitats 
(Peterson and Ross 1991; Viverette 2004).  The larval fish assemblage of the Mattaponi 
River reinforces hypotheses of tidal freshwaters supporting higher biological diversity than 
adjacent habitats.  Tidal freshwater ecosystems meet the criteria set by Ward and Weins 
(2001) and Atrill and Rundle (2002) for riverine ecotones.   
This is the first published study to describe tidal freshwater habitats as ecotones 
between riverine and estuarine ecosystems.  This study emphasizes the importance of tidal 
freshwaters habitats as ecotones which provide essential spawning, migratory, and nursery 
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habitat for a diverse assemblage of fishes, particularly anadromous and semi-migratory 
species.  The classification of tidal freshwaters as ecotones, or as a distinct habitat type, 
may have special implications for conservation.  Conservation efforts, especially for 
diadromous and migratory species, should include consideration of tidal freshwater 
habitats. 
Any modifications to the natural flow regime of tidal freshwater rivers could 
negatively impact the role of tidal freshwaters as ecotones.  River regulation in general 
moderates discharge and can increase sedimentation.  Increased sedimentation can reduce 
interstitial spaces (Ward and Weins 2001) and reduce spawning habitat for lithophilic 
species.  The majority of anadromous species on the Atlantic-slope of North America are 
lithophils.  Martin and Paller (2008) found a lower richness of lithophilic species in the 
regulated Savannah River than in this study.  In contrast, Marcy (1976) found that > 90% 
of the larval fish assemblage of the regulated Connecticut River was composed of 
anadromous and lithophilic species.  This may be due to increased residence time in 
nursery habitats or decreased turbidity as a result of reduced river discharge (Mion et al. 
1998).  Scheidegger and Bain (1995) found depressed abundances of larvae in regulated 
rivers compared to unregulated rivers and cited degraded habitat as the cause.  River 
regulation can also isolate rivers from floodplain habitats (Ward and Weins 2001) which 
may be important spawning and nursery habitats (Kilgore and Baker 1996; Sommer et al. 
2004). The larval fish assemblage of the Mattaponi River could be altered significantly by 
river regulation due to its high proportion of lithophilic spawners and anadromous and 
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semi-migratory species.  Special designation or conservation status is necessary to protect 
the integrity of tidal freshwater habitats.   
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Table 1.  Larval fish taxa caught in the Mattaponi River during 2006 and 2007.  Taxa 
 classified according to ecological guild. Reproductive guilds based on classifications by 
 Balon (1975, 1981). Residency guilds based on Jenkins and Burkhead (1994). 
 Reproductive guilds: LI = lithophils, PE = pelagophils, PH = phytophils, NE= nesters. 
 Residency guilds:  FW = freshwater resident, SM = semi-migratory, AN = anadromous, 
 ES = estuarine.   
 
Taxon Common name 
Reproductive 
guild 
Residency 
guild 
Petromyzontidae  lampreys 
      *Lampetra aepyptera    least brook lamprey LI FW 
Clupeidae shads and herrings 
      *Dorosoma cepedianum    gizzard shad PE FW 
    *Alosa aestivalis    blueback herring  LI AN 
    *A. pseudoharengus    alewife LI AN 
    *A. mediocris    hickory shad LI AN 
    *A. sapidissima    American shad LI AN 
    *Alosa spp.    unidentified herring LI AN 
Esocidae pikes and pickerels 
      *Esox niger    chain pickerel  PH FW 
*Cyprinidae minnows 
      Cyprinus carpio    common carp PH FW 
    Notemigonus crysoleucas    golden shiner PH FW 
    Semotilus atromaculatus    creek chub LI FW 
    Cyprinella analostana    satinfin shiner PH FW 
    Notropis hudsonius    spottail shiner LI FW 
    Hybognathus regius    eastern silvery minnow PH FW 
    unidentified Cyprinidae    unidentified minnow 
 
FW 
*Catostomidae suckers 
      Erimyzon oblongus    creek chubsucker LI FW 
    Catostomus commersonii    white sucker LI FW 
    unidentified Catostomidae    unidentified sucker LI FW 
*Ictaluridae bullhead catfishes 
      unidentified Ictaluridae    unidentified catfish NE FW 
Aphredoderidae pirate perches 
      *Aphredoderus sayanus    pirate perch NE FW 
Atherinidae silversides 
      *Menidia beryllina    inland silverside PH ES 
Fundulidae killifishes  
      *Fundulus diaphanus    banded killifish PH FW 
Moronidae striped basses 
      *Morone americana    white perch PE SM 
    *M. saxatilis    striped bass PE AN 
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*Centrarchidae sunfishes 
      Pomoxis nigromaculatus    black crappie NE FW 
    Micropterus salmoides    largemouth bass NE FW 
    Lepomis macrochirus    bluegill NE FW 
    L. auritus    redbreast sunfish NE FW 
    L. gibbosus    pumpkinseed NE FW 
    Lepomis spp.    unidentified Lepomis NE FW 
Percidae perches 
      *Perca flavescens    yellow perch PH SM 
    *Etheostoma olmstedi    tessellated darter NE FW 
    *E. vitreum    glassy darter LI FW 
* Taxon used in non-metric multidimensional scaling analysis.  
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Table 2. Catch, mean density (fish/100m3), relative abundance (% of annual catch), and  rank of 
larval fish taxa used in statistical analyses.  
 
  2006   2007 
Taxon 
Total 
Catch 
Mean 
Density 
Relative 
abundance  Rank   
Total 
Catch 
Mean 
Density 
Relative 
abundance Rank 
least brook lamprey 0 
    
1 1.84 0.18 16 
gizzard shad 16 8.93 6.04 4 
 
7 3.66 1.26 10 
blueback herring 6 2.05 2.26 9 
 
26 4.33 4.68 7 
alewife 12 11.53 4.53 5 
 
77 7.30 13.87 3 
hickory shad 12 2.54 4.53 5 
 
105 6.23 18.92 2 
American shad 1 2.21 0.38 14 
 
4 2.71 0.72 15 
unidentified herring 0 
    
20 3.31 3.60 8 
chain pickerel  1 2.19 0.38 14 
 
0 
   minnows 81 5.17 30.57 1 
 
32 3.31 5.77 6 
suckers 4 2.64 1.51 10 
 
5 3.27 0.90 14 
catfish 1 2.02 0.38 14 
 
0 
   pirate perch 0 
    
1 2.16 0.18 16 
inland silverside 0 
    
7 3.51 1.26 10 
banded killifish 4 2.32 1.51 10 
 
0 
   white perch 11 7.51 4.15 7 
 
6 2.06 1.08 13 
striped bass 2 7.71 0.75 13 
 
7 2.34 1.26 10 
sunfishes 8 5.45 3.02 8 
 
77 5.02 13.87 3 
yellow perch 31 5.74 11.70 3 
 
9 2.45 1.62 9 
tessellated darter 71 4.35 26.79 2 
 
54 4.91 9.73 5 
glassy darter 4 4.20 1.51 10 
 
117 5.57 21.08 1 
          Average 
 
4.79 
    
3.76 
  Total 265         555 
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Table 3.  Final dimensionality (D), stress, and instability for non-metric multidimensional 
 scaling of larval fish samples.  
 
  Combined years 
 
2006 
 
2007 
Ordination D Stress 
Final 
instability 
 
D Stress 
Final 
instability 
 
D Stress 
Final 
instability 
            Taxonomic 3 12.13 < 0.00001 
 
3 10.67 < 0.00001 
 
3 10.76 < 0.00001 
            Reproductive 4 < 0.01 < 0.00001 
 
2 9.49 < 0.00001 
 
3 4.57 < 0.00001 
            Residency 3 < 0.01 < 0.00001 
 
3 < 0.01 < 0.00001 
 
3 < 0.01 < 0.00001 
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Table 4.  Coefficients of determination of the correlation between the distances in original 
 and ordinated space for each non-metric multidimensional scaling ordination. 
 
  Combined Years 
 
2006 
 
2007 
Ordination Axis 1 Axis 2 Axis 3 
 
Axis 1 Axis 2 Axis 3 
 
Axis 1 Axis 2 Axis 3 
            Taxonomic 0.271 0.275 0.378 
 
0.412 0.339 0.189 
 
0.487 0.308 0.141 
            Reproductive 0.210 0.343 0.266 
 
0.626 0.326 * 
 
0.179 0.505 0.304 
            Residency 0.646 0.145 0.209 
 
0.341 0.463 0.196 
 
0.277 0.195 0.528 
* 2-dimensional solution was found for the ordination of samples from 2006, based on the 
reproductive guild.      
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Table 5.  Pearson’s product moment correlation of larval fish taxa, reproductive guild, and 
 residency status with non-metric multidimensional scaling axes.  Values of r >  |0.500|. 
 
  Combined Years 
 
2006 
 
2007 
Taxon / Guild Axis 1 Axis 2 Axis 3 
 
Axis 1 Axis 2 Axis 3 
 
Axis 1 Axis 2 Axis 3 
least brook 
lamprey 
           gizzard shad 
           blueback herring 
         
0.545 0.058 
alewife 
  
-0.684 
  
0.602 
  
0.816 
  hickory shad 
  
-0.634 
     
0.581 0.528 -0.661 
American shad 
           unidentified 
herring 
           chain pickerel  
           minnows 
 
0.595 
   
-0.586 0.739 
  
0.577 
 suckers 
           catfish 
           pirate perch 
           inland silverside 
           banded killifish 
           white perch 
           striped bass 
           sunfish -0.679 
          yellow perch 
  
-0.589 
 
0.766 
   
0.642 
  tessellated darter 
    
-0.655 
 
0.521 
 
-0.541 
  glassy darter 
           
            lithophil 
  
0.981 
 
-0.798 
 
* 
 
-0.724 -0.587 0.645 
nester 0.996 
    
-0.892 * 
  
0.942 
 pelagophil 
    
0.698 
 
* 
    phytophil 
 
0.968 
   
0.703 * 
   
0.878 
            anadromous -0.851 -0.652 
  
-0.985 
   
-0.688 
 
0.860 
resident 
  
-0.962 
  
0.738 0.889 
  
-0.926 
 semi-migratory -0.713 0.524 
   
-0.828 
    
0.722 
* 2-dimensional solution was found for the ordination of samples from 2006, based on the 
reproductive guild. 
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Figure 1. Study site on the Mattaponi River, King William County, VA.  Large dashed line 
 indicates division of site into 3 reaches (1, 2, 3).  Each reach divided into nine sampling 
 segments (small dashed lines).  
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Figure 2.  Bongo net used for the collection of fish larvae.  
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Figure 3. Phenology of larval fishes in the Mattaponi River.  Width of symbols represents mean daily density (fish/100m3) of larval 
 fish taxa. 
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 Figure 4.  Non-metric multidimensional scaling of samples from 2006 and 2007 classified
  by (a) taxa, (b) reproductive guild, and (c) residency status.  Results for the 2 axes 
 which explain the largest proportion of variance are displayed (red diamonds: 
 collections from 2006, green circles: collections from 2007).  
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Figure 5. Non-metric multidimensional scaling of samples based on taxonomic 
 composition, grouped by (a) month in 2006, (b) reach in 2006, (c) month in 2007, 
 and (d) reach in 2007. 
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Figure 6. Non-metric multidimensional scaling of samples from 2006 based on 
 reproductive guilds, grouped by (a) month and (b) reach.  
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Figure 7. Non-metric multidimensional scaling of samples from 2007 based on 
 reproductive guilds, grouped by (a) month and (b) reach.  
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Figure 8. Non-metric multidimensional scaling of samples based on residency 
 composition, grouped by (a) month in 2006, (b) reach in 2006, (c) month in 2007, 
 (d) and reach in 2007.      
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Figure 9. Mean daily discharge (m3/s) of the Mattaponi River at Beulahville, Virginia in 
 2006 and 2007.  The 25 yr average of mean daily discharge is also presented.        
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Figure 10. Mean daily water temperature (C°) of the Mattaponi River at Beulahville, 
 Virginia in 2006 and 2007.   
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